brachial plexus injury. Methods: A retrospective review of 33 patients treated with phrenic and intercostal nerve transfer for elbow flexion in posttraumatic global root avulsion brachial plexus injury was carried out. Phrenic nerve transfer group: phrenic nerve was transferred to anterolateral bundle of anterior division of upper trunk (23 patients); intercostal nerve transfer group: three intercostal nerves were coapted to the anterolateral bundles of musculocutaneous nerve. The British Medical Research Council (MRC) grading system, angle of elbow flexion, and electromyography (EMG) were used to evaluate the recovery of elbow flexion at least 3 years after surgery. Results: The efficiency of motor function in phrenic nerve transfer group was 83%, while it was 70% in intercostal nerve transfer group. The 2 groups were not statistically different in terms of MRC grade (P = .646) and EMG results (P = .646). The outstanding rates of angle of elbow flexion were 48% and 40% in phrenic and intercostal nerve transfer groups, respectively. There was no significant difference of outstanding rates in angle of elbow flexion between the 2 groups. Conclusion: Phrenic nerve transfer had a higher proportion of good prognosis for elbow flexion than intercostal nerve transfer, but the effective and outstanding rate had no significant difference for biceps reinnervation between the 2 groups according to MRC grading, angle of elbow flexion, and EMG.
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Outcome of Contralateral C7 Nerve Transfer in the Treatment of Total Brachial Plexus Root Avulsion Injury Patient
Lao Jie 1 , Gao Kaiming 1 , Zhao Xin 1 , and Gu Yudong 1 1 Huashan Hospital, Shanghai, China Objective: The objective of this study was to evaluate the outcome of patients treated with contralateral C7 (cC7) transfer and to determine the factors that affect the outcome of this procedure. Materials and Methods: A retrospective review of 73 patients with total brachial plexus root avulsion injury (BPAI) who underwent cC7 transfer was conducted. All of the surgeries were performed by 2 stages, and the pedicled ulnar nerve was the bridged nerve. The 73 patients were divided into 2 groups according to different number of the recipient nerves. In group 1 (51 patients), the cC7 nerve was used to transfer to median nerve only. The entire cC7 was used in 11 patients; the posterior division together with the lateral part of the anterior division was used to transfer to median nerve in 15 patients; and the anterior or the posterior division alone was used to transfer to median nerve in 25 patients. In group 2, the cC7 nerve was used to transfer to 2 nerves simultaneously. The entire cC7 was used to transfer to median nerve and biceps branch in 12 patients and to median nerve and triceps branch in 10 patients. The mean follow-up period was 7.3 years. Results: The efficient of these 73 patients was 54.8% in wrist and finger flexor, 57.5% in median nerve area sensation, 66.7% in the elbow flexor, and 20% in the elbow extensor. The patients with entire cC7 root transfer achieved significantly better recovery than the patients with partial cC7 root transfer. The best function recovery could be induced if the interval between 2 stages was 4 to 8 months. Functional recovery of biceps branch was significantly better than that of triceps branch. Conclusion: Contralateral C7 transfer is an effective procedure in treating total BPAI patients. If transferred to single nerve, the entire C7 root transfer can obtain significantly better recovery, and we emphasize using the entire root as the donor. The optimal interval between 2 surgery stages is 4 to 8 months. If transferred to 2 nerves, the 2 recipient nerves should be collaborative in motor function.
The Surgical Strategy for the Treatment of Total Brachial Plexus Avulsion Injury Patient
Gao Kaiming 1 , Lao Jie 1 , Zhao Xin 1 , and Gu Yudong 1 1 Huashan Hospital, Shanghai, China Objective: The total brachial plexus avulsion injury (BPAI) patients were treated in many organizations in the world, but the results reported differ significantly regarding different surgical strategy. Thus, this study aimed to evaluate the outcomes of different methods of nerve transfer and to determine a relatively optimal surgical strategy for treatment of total BPAI patients. Methods: A retrospective review was conducted on 73 patients with total BPAI who were treated with nerve transfer. The elbow flexion was reconstructed in 73 patients with phrenic nerve (PN) or intercostal nerves (ICNs) or contralateral C7 (cC7) transfer. The shoulder abduction was reconstructed in 73 patients with spinal accessory nerve (SAN) or ICNs transfer or both. Elbow extension was reconstructed in 35 patients with ICNs or cC7 transfer. Wrist and finger flexion were reconstructed in 73 patients with cC7 transfer. Wrist and finger extension were reconstructed in 31 patients with ICNs transfer. The mean follow-up period was 7.3 years. Results: The effective recovery rate were 79.5% in elbow flexion, 76.7% in shoulder abduction, 45.7% in elbow extension, 54.8% in wrist and finger flexion, 57.5% in median nerve area sensation, and 38.7% in wrist and finger extension. No significant difference was found in elbow flexion recovery between the patients with PN, ICN, or cC7 transfer. Shoulder abduction was significantly better in patients with SAN combined with ICNs transfer while no significant difference was found between the patients with anterior or posterior approach SAN transfer. Elbow extension was significantly better in patients with ICNs transfer. Entire cC7 transfer achieved significantly better recovery in wrist and finger flexion than partial cC7 transfer. Conclusion: For the treatment of total BPAI patients, we recommend PN transfer for elbow flexion, SAN combined with ICNs transfer for shoulder abduction, ICNs transfer for elbow extension, entire cC7 transfer for wrist and finger flexion, and ICNs transfer for finger extension, whereas for the elder or PN-injured patients, we recommend SAN combined with ICNs transfer for shoulder abduction, entire cC7 transfer for elbow flexion and wrist and finger flexion, and ICNs transfer for elbow extension and wrist and finger extension.
Functional Outcome of Nerve Transfers for Traumatic Global Brachial Plexus Avulsion
Yuzhou Liu 1 , Jie Lao 1 , Kaiming Gao 1 , Yudong Gu 1 , and Xin Zhao 1 1 Huashan Hospital, Shanghai, China Objective: We sought to combine Medical Research Council (MRC) grading with the Disability of the Arm, Shoulder and Hand (DASH) questionnaires and Numerical Rating Scale (NRS) for pain to evaluate the functional outcome of patients who suffered complete brachial plexus avulsion before and after nerve transfers. Methods: The author carried out a retrospective review of 37 patients with global avulsion of the brachial plexus from 2010 to 2012. All of them underwent nerve transfers in Hua Shan Hospital in Shanghai. They were followed up for over 3 years for physical examination and responding to the questionnaires of DASH, NRS, as well as the satisfaction with the surgery. Results: The mean time to surgery was less than 6 months and the mean follow-up period was 4.59 years. The effective motor recovery rate was 54%, 86%, 46%, and 43%, respectively, in supraspinatus, biceps, triceps, and finger flexor. Patients who underwent nerve transfers scored consistently better on the DASH score and NRS score than those before surgery. There was also a significant correlation between the change in NRS scores and patient satisfaction. Conclusion: This study validated the effect of nerve transfers for global brachial plexus avulsions from objective MRC grading combining with patients' self-assessments. Neurolysis after neurotizations correlated positively with functional outcomes.
Late Nerve Repairs in Brachial Plexus Lesions
Piero Raimondi 1 and Alain Gilbert 2 1 Private practice, Milano, Italy 2 Institut de la Main, Paris, France Objectives: It is a common opinion that surgical repair of brachial plexus later than 1 year from the lesion cannot lead to real functional results. This is probably true for repair by means of multiple grafts which need specially in root's lesions a long time for reinnervation: This fact and the frequent delay in repair reduce in a substantial way the possibility to obtain good results in brachial plexus surgery. The continuous development of nerve transfers allowed shortening the time of recovery by means of very distal repairs, near to the mainly motor targets. The shortening of recovery time gives today the possibility to move forward the classical limits for nerve repair. Materials and Methods: The authors present the results obtained in 93 nerve transfers in 52 patients who underwent nerve repair after more than 1 year from the lesion. The series consists of 22 children with obstetric brachial plexus palsy and 30 adults with traumatic brachial plexus lesions all of them repaired after 1 year from the lesion with a maximum delay of 7 years. The nerve repaired by means of late transfers had been the suprascapular, the musculocutaneous, and the axillary. In all the cases, a previous electromyography detected the presence of fibrillation in the muscles that are planned to be reinnervated. Fibrillation is actually considered as a prerequisite to indicate a late nerve transfer. Results: Evaluation of results has been separate between children and adult patients. In adult patients, the results for biceps have been 30% of failures, 42% of partial results (M2/M3−), and 28% of good results (M3+/M4). The results for suprascapular have been 23% of failures, 45% of partial results, and 32% of good results. In children, the results for biceps have been 15% of failures and 85% of good results (<M3+). The results for suprascapular have been 25% of failures, 25% of partial results, and 50% of good results. No result can be reported for deltoid due to the too reduced number of operated cases. Conclusions: Nerve transfers allow in a considerable number of cases to obtain functional results, in some case even after several years of delay. A part for late observed cases we can offer in this way a second option in cases of lack of recovery from primary surgery. Actually nerve transfer is nowadays a new possibility placed in between primary microsurgical repair and classic palliative surgery. Undoubtedly better results have been obtained in children, but surprisingly useful results could be obtained in adults even if in a more reduced percentage of cases.
Long-term Observation of Respiratory Function After Unilateral Phrenic Nerve and Multiple Intercostal Nerve Transfer for Avulsed Brachial Plexus Injury
Mou-Xiong Zheng 1 , Yan-Qun Qiu 1 , Jian-Guang Xu 1 , and Wen-Dong Xu 1
